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(54) REAR FOCUS TYPE ZOOM LENS AND IMAGE PICKUP DEVICE USING 
THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a rear focus type zoom lens and an 
image pickup device using the zoom lens having excellent performance over the 
entire zoom area and the entire object distance while sufficiently securing a back 
focus space. 

SOLUTION: This zoom lens is provided with four lens groupsthat isa 1st group 
L1 having positive refractive powera 2nd group L2 having negative refractive 
powera 3rd group L3 having the positive refractive power and a 4th group L4 
having the positive refractive power in this order from the object sideperforms 
variable power from a wide angle end to a telephoto end by moving the 2nd 
group L2 to an image surface side and corrects the fluctuation of the image 
surface in accordance with the variable power by moving a part of or all of the 4th 
group L4. Furthermorefocusing is performed by moving a part of or all of the 4th 
group L4 and the 2nd group L2 is constituted of a 21st lens negativea 22nd lens 



negatives 23rd lens negative and a 24th lens positive. 



CLAIMS 



[Claim(s)] 

[Claim 1]The 1st group of refracting power more positive than the object side to 
orderthe 2nd group of negative refracting powerthe 3rd group of positive 
refracting powerAnd have four lens groups of the 4th group of positive refracting 
powermove this 2nd group to the image surface sideand variable power from a 
wide angle end to a tele edge is performedMove a part or all of this 4th groupand 
amend image surface fluctuation accompanying variable powerand move a part 
or all of this 4th groupand a focus is performedA zoom lens of a rear focus type 
constituting this 2nd group from the 21st negative lensthe 22nd negative lensthe 
23rd negative lensand the 24th positive lens. 

[Claim 2]A zoom lens of a rear focus type of Claim 1 satisfying conditions which 
become 0.16<|f2-/f1 1<0.20 when a focal distance of said i-th group is set to fi. 
[Claim 3]A zoom lens of Claim 1 satisfying conditions which become 3.03<f22- 
/f2<8.03 when a focal distance of fi and said 22nd lens is set to f22 for a focal 
distance of said i-th groupor a rear focus type of 2. 

[Claim 4]A zoom lens of a rear focus type of Claim 1 satisfying conditions which 
become 0.87<|f23-/f24|<1.51 when a focal distance of said 23rd lens and the 
24th lens is respectively set to f23 and f242or 3. 

[Claim 5]A zoom lens of a rear focus type of Claim 1 most characterized by a 
thing of said 3rd group for which a lens by the side of an object has turned a 
concave surface to.the object side2 and 3or 4. 

[Claim 6]A zoom lens of a rear focus type of Claims 1-5wherein said 4th group 
has a cemented lens of positive refracting power given in any 1 paragraph. 
[Claim 7]Said 21st lens comprises meniscus shape which turned a convex to the 
object sideMeniscus shape or both lens sides by which said 22nd lens turned a 
convex to the object side comprise a concave surfaceA zoom lens of a rear focus 



type of Claims 1-6 given in any 1 paragraph for whichas for said 23rd lensa lens 
side by the side of an object comprises a concave surfaceand said 24th lens is 
characterized by both lens sides comprising a convex. 

[Claim 8]A zoom lens of a rear focus type of seven given in any 1 paragraph from 
Claim 1 to which said 3rd group is characterized by that a convex of a lens side 
by the side of a cemented lensan objectand the image surface is single or a thing 
for which a cemented lens is comprised in which a concave surface of a lens side 
by the side of an object and the image surface is single. 

[Claim 9]A zoom lens of a rear focus type of Claims 1-8 given in any 1 paragraph 
with whichas for said 4th groupboth lens sides are characterized by a lens side 
by the side of a convex positive lensan objectand the image surface comprising a 
convex cemented lens. 

[Claim 10]An imaging device characterized by a zoom lens of a rear focus type of 
nine given in any 1 paragraphand having a color separation optical system in the 
image surface side from Claim 1. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention about the imaging device which used the 
zoom lens of a rear focus typeand itlt has a back focus long to such an extent 
that a color separation prism can be formed in the image surface side especially 
used for imaging devicessuch as a video camera and a camera for broadcastAnd 
it is related with the zoom lens of a small rear focus type with short whole length 
of the lens of a high variable power ratioand the imaging device using it by a 
large caliber ratio. 
[0002] 

[Description of the Prior Art]These daysin connection with small weight 



savingssuch as a home video cameraremarkable progress is looked at by the 
miniaturization of the zoom lens for an image pick-upand power is especially 
directed towards shortening of whole length of the lensthe miniaturization of a 
front ball diameterand simplification of composition. 

[0003]The so-called zoom lens of the rear focus type which moves lens groups 
other than the 1st group by the side of an objectand performs a focus as one 
means to attain these purposes is known. 

[0004]Generally compared with the zoom lens which the zoom lens of a rear 
focus type moves the 1st groupand performs a focusthe effective diameter of the 
1st group becomes smallThe miniaturization of the whole lens system becomes 
easyand there are the featureslike close photographingespecially since close 
photographing becomes very easy and it is carrying out by moving a further 
comparatively small lightweight lens groupthe driving force of a lens group is 
smalland endsand quick focusing is made. 

[0005]As a zoom lens of such a rear focus typefor example JPS62-215225Aln 
JPS62-206516AJPS62-24213AJPS63-247316Aand JPH4-43311A. It has four 
lens groupsthe 1st group of positive refracting powerthe 2nd group of negative 
refracting powerthe 3rd group of positive refracting powerand the 4th group of 
positive refracting powerin order from the object sideand the 2nd group is 
movedvariable power is performedthe 4th group is movedand the image surface 
fluctuation and the focus accompanying variable power are performed. 
[0006]ln JPH4-43311AJPH4-153615AJPH5-19165AJPH5-27167Aand JPH5- 
60973A. The zoom lens with short whole length of the lens which constituted the 
4th lens group from one positive lens or two positive lenses is proposed. In 
JPH5-60974Athe zoom lens with which the 4th lens group comprised two 
sheetsa positive lens and a negative lensis proposed. 
[0007]JPS55-62419AJPS62-24213AJPS62-215225AJPS56-114920AJPH3- 
200113AJPH4-242707AJPH4-343313Aln JPH5-297275Athe zoom lens with 
which each changes the 3rd group and the 4th group from two lensesa positive 
lens and a negative lensin the working example is indicated. On the other 



handhigh definition-ization of the video camera is made [ that it is various and ] 
with highly-efficient-izing (digitization) of the latest videocassette recorder. There 
is color separation of the picture by a color separation optical system as one of 
them. Such a zoom lens for video cameras is proposedfor example by JPH5- 
72474AJPH6-51199AJPH7-199069AJPH7-270684Aetc. 
[0008] 

[Problem(s) to be Solved by the lnvention]The featureslike if a rear focus method 
is generally adopted in a zoom lensthe whole lens system will be miniaturizeda 
focus quick again will become possibleand also close photographing becomes 
easy are acquired. 

[0009]Howeversecuring the long back focus of the grade which can arrange a 
color separation prism on the other handthe aberration variation in the case of a 
focus is lessenedand if it is going to obtain high optical performance covering the 
object distance at large [ from an infinite distance object to a short distance 
object ]the lens constitution will become very difficult. 

[0010]With the zoom lens which secured the high variable power ratio especially 
by the large caliber ratioit becomes very difficult to migrate to all the variable 
power rangessecuring a long back focusand to obtain high optical performance 
covering the object distance at large. 

[001 1]The zoom lens currently indicated by JPH4-26811A or JPH4-88309A has a 
short back focusand it is difficult for it to arrange a color separation prism. 
[0012]With the zoom lens currently indicated by JPH4-4331 1 AJPH4- 
153615AJPH5-19165AJPH5-27167Aand JPH5-60973Aa zoom ratio is about 8 
times from 6 timeslf it is going to obtain the zoom lens of the high variable power 
ratio beyond thischange of the chromatic aberration by variable power will 
become large too muchand it will become difficult to amend this good. 
[0013]ln the zoom lens currently indicated by JPS55-624T9AJPS56-1 14920Aand 
JPH3-2001 13Ain order that th.e 1st group or the 3rd group might move in 
connection with variable powerlens barrel structure became complicatedand 
there was a problem that it was difficult to attain a miniaturization. 



[0014]With the zoom lens currently indicated by JPH4-242707A and JPH4- 
34331 3AJPH5-297275Aetc.the 3rd group serves as lens constitution with big air 
spacingSince the refracting power of the negative lens in the 3rd group was still 
weakerwhen it was going to apply to the zoom lens of high-variable-power- 
izingmany chromatic aberrations occurred by the 3rd groupand there was a 
problem that it was difficult to fully amend this. 

[0015]Since the negative lens of the shape of meniscus in the 3rd group serves 
as lens constitution which turned the concave surface strong against the image 
surface side in the zoom lens proposed by JPH5-297275Ait is effective in the 
formation of a tele photographbut. Problem ****** that it is difficult for this 
negative lens to amend the high order flare components generated with the 
positive lensand large-caliber-izing and high-variable-power-izing are difficult. 
[0016]The variable power ratio was about 10 to 12 timesand the zoom lens 
proposed by JPH5-72474AJPH6-51199AJPH7-199069AJPH7-270684Aetc. did 
not necessarily have an enough variable power ratio to use for a video camera. 
[001 7] Adopting a rear focus methodit has a long back focus which is a grade 
which can arrange a color separation prisma light filteretc. to the image surface 
sideand this invention is a large caliber ratiothe object distance from an infinite 
distance object to [ has 16 times as many variable power ratios and a high 
variable power ratioand migrates to all the variable power ranges from a wide 
angle end to a tele edgeand ] a super-near object - crossing generally - fitness - 
- it aims at offer of the zoom lens of a rear focus type with optical 
performanceand the imaging device using it. 
[0018] 

[Means for Solving the ProblemjA zoom lens of a rear focus type of this 
invention(1-1) The 1st group of refracting power more positive than the object 
side to orderthe 2nd group of negative refracting powerlt has four lens groups of 
the 3rd group of positive refracting powerand the 4th group of positive refracting 
powerMove this 2nd group to the image surface sideperform variable power from 
a wide angle end to a tele edgemove a part or all of this 4th groupand amend 



image surface fluctuation accompanying variable powerand move a part or all of 
this 4th groupand a focus is performedlt is characterized by constituting this 2nd 
group from the 21st negative lensthe 22nd negative lensthe 23rd negative 
lensand the 24th positive lens. 

[0019]lt is characterized by imaging device (2-1) of this inventiona zoom lens of a 
rear focus type of composition (1-1)and having a color separation optical system 
in the image surface side. 
[0020] 

[Embodiment of the lnvention]The important section sectional view of 

i 

Embodiment 1 of an imaging device with the zoom lens of the rear focus type of 
this invention in drawing 1 drawing 2drawing 3 and drawing 4 are a wide angle 
end of Embodiment Imiddleand an aberration figure in the zoom position of a 
tele edge. 

[0021 ]The important section sectional view of Embodiment 2 of an imaging 
device with the zoom lens of the rear focus type of this invention in drawing 
Sdrawing 6drawing 7 and drawing 8 are a wide angle end of Embodiment 
2middleand an aberration figure in the zoom position of a tele edge. 
[0022]The important section sectional view of Embodiment 3 of an imaging 
device with the zoom lens of the rear focus type of this invention in drawing 
9drawing IQdrawing H and drawing 12 are a wide angle end of Embodiment 
3middleand an aberration figure in the zoom position of a tele edge. 
[0023]The important section sectional view of Embodiment 4 of an imaging 
device with the zoom lens of the rear focus type of this invention in drawing 
13drawing 14drawing 15 and drawing 16 are a wide angle end of Embodiment 
4middleand an aberration figure in the zoom position of a tele edge. 
[0024]The important section sectional view of Embodiment 5 of an imaging 
device with the zoom lens of the rear focus type of this invention in drawing 
17drawing 18drawing 19 and drawing 20 are a wide angle end of Embodiment 
Smiddleand an aberration figure in the zoom position of a tele edge. 
[0025]As for the inside L1 of a figurethe 1st group of positive refracting powerthe 



2nd group of refracting power negative in L2the 3rd group of refracting power 
positive in L3and L4 are the 4th group of positive refracting power. SP is an 
aperture diaphragm and is stationed ahead of the 3rd group L3. The cover glass 
and GB(s) which are provided if needed [ GA / aiming at protection of a zoom 
lens ] are glass blockssuch as a color separation prisma faceplateand a filter. IP 
is the image surface and image sensorssuch as CCDare arranged. 
[0026]Each element from the 1st group L1 to the cover glass GA constitutes an 
element of the zoom lens (zoom lens part) ZL. The glass block GB and the image 
sensor are stored in the camera body CB. The camera body CB is equipped with 
the zoom lens part ZL removable via mount member C. 

[0027]ln this embodimenton the occasion of the variable power from a wide angle 
end to a tele edgethe 2nd group is moved to the image surface side like an 
arrowand it was made to moveor having a locus convex all (all [ in this 
embodiment ]) in the object sideand has amended. [ image surface fluctuation / 
accompanying variable power ] [ the 4th group ] 

[0028]The rear focus type which the 4th group makes it in part or all (all [ in this 
embodiment ]) move on an optic axisand performs a focus is adopted. The curve 
4a of the solid line of the 4th group and the curve 4b of a dotted line which are 
shown in the figure show the moving track for amending the image surface 
fluctuation at the time of following on the variable power from a wide angle end 
when carrying out the focus to the infinite distance object and the short distance 
object respectively to a tele edge. The 1st group and the 3rd group are 
immobilization in the case of variable power and a focus. 
[0029]ln this examplemove the 4th group and the image surface fluctuation 
accompanying variable power is amendedand the 4th group is moved and it is 
made to perform a focus. It is made to move so that it may have a convex locus 
to the object side on the occasion of the variable power from a wide angle end to 
a tele edgeas shown especially in the curves 4a and 4b of the figure. This aimed 
at effective use of the space of the 3rd group and the 4th groupand shortening of 
whole length of the lens is attained effectively. 



[0030]ln this examplewhen performing a focus from an infinite distance object to 
a short distance object in a tele edgeit is carrying out by letting out the 4th group 
to the frontas shown in the straight line 4c of the figure. 
[0031 ]The video camera (imaging device) of this invention comprises at least an 
above-mentioned zoom lensthe element for color separation and the image 
sensor corresponding to each color divided by this color separation elementan 
imaging signal processing circuitetc. 

[0032]ln this embodimentby constituting the 2nd group of the negative refracting 
power for variable power from four lenses of predetermined refracting power like 
the above-mentionedthe aberration variation accompanying variable power is 
amended goodand the high variable power ratio is made easy. 
[0033]The zoom lens of this embodiment is constituted from four lens groups as 
a whole as mentioned abovelt migrated to all the variable power rangessecuring 
a predetermined back focus by setting up appropriately the moving condition of 
each lens group in the case of variable power and a focusand the lens 
constitution of the 2nd groupand high optical performance has been obtained 
covering the whole object distance. 

[0034]Especially the 2nd group consists of the 21st negative lensthe 22nd 
negative lensthe 23rd negative lensand the 24th positive lens in order from the 
object side. That isin order to attain high magnification-izationpower of the 2nd 
group with a variable power operation is strengthenedand he is trying for 
magnification to change with small movement magnitude. If negative power of 
the 2nd group is recklessly strengthened at this timethe PETTSU bar sum will 
become large to a negative directionand the image surface will fall. It becomes 
difficult to change a coma aberration and astigmatism sharply and they to amend 
those change aberration by movement of the 2nd group for zooming. 
Thereforethree negative lenses are usedan assignment of each lens is 
lessenedand reduction of the PETTSU bar sum is aimed at. 
[0035]By concentrating and arranging a negative lens to the object sideit 
becomes possible to bring the position of the forward side principal point of the 



2nd group close to the object sideand it shortens the principal point interval of the 
1st group and the 2nd group. And it becomes possible to approach a 
diaphragmand the axial outdoor daylight bunch which has determined the path of 
the 1st group (front ball) makes low the height which passes the 1st 
groupandtherebythe 1st group miniaturizes the path of the 1st group. 
[0036]ln order to fully amend the chromatic aberration of a tele edgethree 
negative lenses and one positive lens are used. 

[0037]Nextthe feature of the other lens constitution of the zoom lens of the rear 
focus type of this invention is explained. 

[0038](A1) As for the aberration generated in connection with variable 
powersince this invention aims at high variable power like the above-mentionedit 
is desirable to cancel in the 1st group and the 2nd group. Howeverthe methods 
of generating of the aberration accompanying variable power differ by it of the 1st 
group and the 2nd groupand it is easy to become the tendency for amendment to 
be superfluous in a wide angle end. 

[0039]Thenwhen the focal distance of said i-th group is set to fi in this inventionit 

is0.16<|f2/f1|<0.20....(1) 

It is made to be satisfied. 

[0040]lf the upper limit of a conditional expression (1) is exceededit becomes 
large to a negative directionthe image surface becomes the tendency to fall on 
the plus side greatlyand the PETTSU bar sum is not preferred. On the contraryif 
a lower limit is exceededbecause of high variable powerit is necessary to take 
the large movement magnitude of the 2nd groupenlargement of a front ball 
diameter and huge-ization of whole length of the lens are imitatedand it is not 
good at that of **. 

[0041 ](A2) As for the aberration changed in connection with variable powerit is 
desirable to fully press down in the 2nd group. 

[0042]Thenwhen the focal distance of fi and said 22nd lens is set to f22 for the 
focal distance of said i-th group in this inventionit is 3.03<f22/f2<8.03.... (2) 
He is trying to satisfy the becoming conditions. 



[0043]lt is for a conditional expression (2) amending change of the spherical 
aberration by zoomingand a coma aberration with sufficient balance. 
[0044] If the upper limit of a conditional expression (2) is exceededa spherical 
aberration becomes an undershirt by a tele terminal (tele edge)amending 
becomes insufficientand it is not desirable. On the contraryif a lower limit is 
exceededmany introvert coma aberrations occur in a wide end (wide angle 
end)aggravation of performance is imitatedand it is not good at that of **. 
[0045](A3) In order to amend the aberration variation accompanying variable 
power good againwhen the focal distance of said 23rd lens and the 24th lens is 
respectively set to f23 and f24it is 0.87<jf23/f24|<1 .51 .... (3) 
He is trying to satisfy the becoming conditions. 

[0046]the coma aberration and axis which mainly generate this conditional 
expression (3) by the 2nd group - a top tone it is a thing for amending 
aberration good. By constituting the 23rd negative lens in this 2nd groupand the 
24th positive lens from a single lensthe air lens made between them is used for 
aberration compensationand this is performing aberration compensation good. 
[0047]lf the upper limit of a conditional expression (3) is exceededamending 
becomes insufficientan introvert coma aberration occursand the spherical 
aberration of a tele terminal is not preferred. On the contrarysince it will become 
superfluous amending an axis top chromatic aberration if a lower limit is 
exceededit is not good. 

[0048](A4) - in order to lengthen the back focus which is one of the purposes of 
this invention - this 3rd group - he is trying for the lens by the side of an object 
to become a concave surface most at the object side namelythe light flux emitted 
by the 2nd group - abbreviated - the axial ray height which enters more the 
principal point interval of the 2nd group and this 3rd group into the 3rd group of a 
difference is made higher by arranging so that the 3rd group for supposing that it 
is afocal may be considered as a retro type and the principal point position of the 
3rd group may be kept away from the 2nd group. By thisthe focal distance of the 
4th group for making the focal distance of the whole system into the specified 



quantity can be lengthenedand the back focus as working distance is lengthened. 
[0049]namelythe light flux which comes out of the 3rd group abbreviated 
since it is afocalif the length of a back focus is calculated by a principal point 
system - about - it becomes the same as the focal distance of the 4th group. 
Thereforein order to fix the focal distance of the whole system and to lengthen 
the focal distance of the 4th groupit turns out that what is necessary is just to 
make high height h of axial Uemitsu in the 3rd group as shown by drawing 21 . 
The concave surface with the lens side strongest against the object side by the 
side of an object of the 3rd group is turnedand it has composition it enables the 
3rd group to receive the light flux diverging from the 2nd groupwithout generating 
a high order spherical aberration. 

[0050](A5) In numerical working example 1 and 3a concave negative lens and 
both lens sides comprise two lenses of a convex positive lensandas for the 3rd 
groupboth lens sides constitute the retro type positive lens group as a whole. 
Furthermoreit contributes to said negative lens bearing the role which is a 
concave surface with a strong field by the side of an objectand keeps away the 
principal point position of the 3rd group from the 2nd groupand lengthening the 
focal distance of the 4th grouptherefore lengthening a back focus. 
[0051]ln numerical working example 2 and 4the cemented lens and both the lens 
sides negative [ concave ] in the lens side by the side of an object and the image 
surface as a whole which joined the negative lens and the positive lens comprise 
a convex positive lensand the 3rd group constitutes the retro type positive lens 
group as a whole. It contributes to the lens side by the side of an object being a 
strong concave surfaceand said cemented lens bearing the role which keeps 
away the principal point position of the 3rd group from the 2nd group 
furthermoreand lengthening the focal distance of the 4th grouptherefore 
lengthening a back focus. 

[0052]The cemented lens negative [ concave ] in the lens side of the object side 
and image surface drawing as a whole to which the 3rd group joined the negative 
lens and the positive lens in numerical working example 5The lens side by the 



side of an object and the image surface comprises the convex positive cemented 
lens which joined the positive lens and the negative lensand constitutes the retro 
type positive lens group as a whole. It contributes to the lens side by the side of 
an object being a strong concave surfaceand said negative cemented lens 
bearing the role which keeps away the principal point position of the 3rd group 
from the 2nd group furthermoreand lengthening the focal distance of the 4th 
grouptherefore lengthening a back focus. 

[0053](A6) The lens side by the side of a convex positive lensan objectand the 
image surface consisted of convex cemented lensesandas for said 4th groupboth 
lens sides have amended the aberration variation in the case of a focus good. In 
order to amend especially a chromatic aberration goodat least one cemented 
lens is provided in the 4th group. As stated also in advancethey are enabled for 
the chromatic aberration which seldom became a problem 
conventionallyespecially the chromatic aberration of magnification to pose a 
problemand to amend this good with high-definition-izing of a video camera. 
[0054](A7) the time of setting [ the curvature radius of the lens side by the side of 
an object ] the focal distance of the negative lens (it is a cemented lens at the 
time of a cemented lens) by the side of the object of f3 and this 3rd group to f31 
for the focal distance of R31 and the 3rd group most of the 3rd group -0.5<R31- 
/f3 <-0.2.... (4) 
0.7<R31/f31< 1.3 .... (5) 
It is made to be satisfied. 

[0055]The conditional expression (4) and (5) is a thing for distributing the 
refracting power of the 3rd group suitably and attaining highly efficient- 
izationsetting up appropriately the curvature of the lens side by the side of the 
object of the 3rd groupand maintaining a back focus for a long time. [ both ] 
[0056]lt becomes difficult to fully maintain the back focus which is the purpose of 
this invention when the upper limit of a conditional expression (4) and (5) is 
exceededlt becomes difficult to amend the high order spherical aberration 
generated when the bundle of rays emitted from the 2nd group in a wide angle 



end will enter into the 3rd groupif a lower limit is exceededand highly efficient- 
ization becomes difficult. 

[0057](A8) Wherever it may arrange it in an optical systemit is not a thing which 
checks the purpose of this inventionand since the periphery of this lens group 
can take a large aperture diaphragm when arranging in the middle of the 
negative lens and positive lens of the 3rd groupdiaphragm space can take a 
system most comfortably constitutionally and it is preferred. In order to promote 
the miniaturization of a lens and to make the 1st group smallan entrance pupil 
position must be extruded ahead of a lens. Thereforein the case of this 
purposethe thing of an aperture diaphragm of the 3rd group most arranged to the 
object side is desirable. 

[0058]the case where the space of the 3rd group and the 4th group can take 
widely - an aperture diaphragm the 3rd group - since a still longer exit pupil 
can be taken if it arranges to the image surface side mostit is desirable. 
[0059]According to this embodimentthe front ball diameter of the 3rd group which 
it arranges to the object side most and is the 1st group is miniaturized. 
[0060](A9) - the beam of light which lengthens an exit pupil and is ejected from 
the 3rd group by constituting the 3rd group from this embodiment by the negative 
lens group and a positive lens group - a call - as it becomes centricthe angle of 
the beam of light which enters into the color separation prism arranged in the 
back is made loose. By thisthe reflection property change by the wavelength of a 
color separation system is canceledand color reproduction nature of the deed 
picture is dramatically improved color separation faithful. 
[0061](A10) Since it is a high variable power ratiothe focal distance of a tele 
terminal becomes very longthe performance of a tele terminal and its 
neighborhood is large in this 2nd groupand the zoom lens of this invention is 
influenced. Thenoptical performance is improved by arranging an aspheric 
surface in the 4th group. 

[0062]Since it aims fundamental at amendment of a spherical aberrationit is . 
desirable for positive refracting power to serve as shape which becomes weak as 



an aspheric surface goes to the periphery of a lens. 

[0063](A1 1) When the focal distance of D34T and a wide angle end is set to fW 
for the interval of the 3rd group when the focus of the focal distance of the 4th 
group is carried out to an infinite distance object by f4 and a tele edgeand the 4th 
groupit is 4.7<f4 / fW<5.8.... (6) 
0.2<D34T/f4< 0.94.... (7) 
It is made to be satisfied. 

[0064]The conditional expression (6) and (7) is a thing for attaining high-variable- 
power[ highly-efficient-izing and ]-izing and large caliber-izationsecuring a 
predetermined back focus. 

[0065]A back focus becomes long more than neededif a conditional expression 
(6) optimizes the length of a back focus and upper limit is exceededit will imitate 
huge-ization of an overall length and will comeand if a lower limit is exceededit 
will become difficult to secure the back focus long enough which is the purpose 
of this invention. 

[0066]A conditional expression (7) is what optimizes the relation of the focal 
distance of the movable space of the 4th group for a focusand a tele edgelf the 
large interval D34T is taken so that upper limit is exceededhuge-ization of whole 
length of the lens will be imitatedand it will comeand undesirablyif a lower limit is 
exceededit will become impossible to secure sufficient space for a focusand 
trouble will appear in the operativity of a zoom lens. 

[0067]Nextnumerical working example of this invention is shown, in numerical 
working example - Ri - the object side - order it is a curvature radius of the i- 
th lens sideandas for Dithe i-th lens thickness and air spacingnickeland nui are 
the refractive index and Abbe number of glass of the i-th lens in order from the 
each object side in the object side. When aspherical surface shape is made into 
the curvature radius R of the central part of a lens sidethe X-axis is set as an 
optical axis direction (direction of movement of light) and a Y-axisBCDand E are 
respectively made into an aspheric surface coefficient for an optic axis and a 
perpendicular direction [0068] 



Equation 1] 



a 



It expresses with the becoming formula. "e-OX" means "x10- x ." 
[0069]R24-R25 in numerical working example 1 and 3R25-R26 in numerical 
working example 2 and 4R26 in numerical working example 5 - R27 grade A 
cover glass partR28 - R31 grade in R26-R29 in numerical working example 1 
and 3R27-R30 in numerical working example 2 and 4and numerical working 
example 5 show glass blockssuch as a color separation prisma light filterand a 
faceplate. 
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[0076] 

[Effect of the lnvention]Adopting a rear focus method by setting up each element 
as mentioned above according to this inventionto the image surface sidehave a 
long back focus which is a grade which can arrange a color separation prisma 
light filteretc.and by and a large caliber ratio. The object distance at large [ from v 
an infinite distance object to / has 16 times as many variable power ratios and a 
high variable power ratioand migrates to all the variable power ranges from a 
wide angle end to a tele edgeand / a super-near object ] can be coveredand the 
zoom lens of a rear focus type with good optical performance and the imaging 
device using it can be attained. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The important section sectional view pf Embodiment 1 of an imaging 

device with the zoom lens of the rear focus type of this invention 

[Drawing 2] The aberration figure of the wide angle end of Embodiment 1 of an 

imaging device with the zoom lens of the rear focus type of this invention 

[Drawing 3] The middle aberration figure of Embodiment 1 of an imaging device 

with the zoom lens of the rear focus type of this invention 

[Drawing 4] The aberration figure of the tele edge of Embodiment 1 of an imaging 



device with the zoom lens of the rear focus type of this invention 

[Drawing 5] The important section sectional view of Embodiment 2 of an imaging 

device with the zoom lens of the rear focus type of this invention 

[Drawing 6] The aberration figure of the wide angle end of Embodiment 2 of an 

imaging device with the zoom lens of the rear focus type of this invention 

[Drawing 7] The middle aberration figure of Embodiment 2 of an imaging. device 

with the zoom lens of the rear focus type of this invention 

[Drawing 8] The aberration figure of the tele edge of Embodiment 2 of an imaging 

device with the zoom lens of the rear focus type of this invention 

[Drawing 9] The important section sectional view of Embodiment 3 of an imaging 

device with the zoom lens of the rear focus type of this invention 

[Drawing 10] The aberration figure of the wide angle end of Embodiment 3 of an 

imaging device with the zoom lens of the rear focus type of this invention 

[Drawing 11] The middle aberration figure of Embodiment 3 of an imaging device 

with the zoom lens of the rear focus type of this invention 

[Drawing 12] The aberration figure of the tele edge of Embodiment 3 of an 

imaging device with the zoom lens of the rear focus type of this invention 

[Drawing 13] The important section sectional view of Embodiment 4 of an imaging 

device with the zoom lens of the rear focus type of this invention 

[Drawing 14] The aberration figure of the wide angle end of Embodiment 4 of an 

imaging device with the zoom lens of the rear focus type of this invention 

[Drawing 15] The middle aberration figure of Embodiment 4 of an imaging device 

with the zoom lens of the rear focus type of this invention 

[Drawing 16] The aberration figure of the tele edge of Embodiment 4 of an 

imaging device with the zoom lens of the rear focus type of this invention 

[Drawing 17] The important section sectional view of Embodiment 5 of an imaging 

device with the zoom lens of the rear focus type of this invention 

[Drawing 18] The aberration figure of the wide angle end of Embodiment 5 of an 

imaging device with the zoom lens of the rear focus type of this invention 

[Drawing 19] The middle aberration figure of Embodiment 5 of an imaging device 



with the zoom lens of the rear focus type of this invention 

[Drawing 20] The aberration figure of the tele edge of Embodiment 5 of an 

imaging device with the zoom lens of the rear focus type of this invention 

[Drawing 21] The optical-path explanatory view of an imaging device with the 

zoom lens of the rear focus type of this invention 

[Description of Notations] 

L1 The 1st group 

L2 The 2nd group 

L3 The 3rd group 

L4 The 4th group 

SP Diaphragm 

IP Image surface 

d d line 

g g line 

S Sagittal image surface 
M Meridional image surface 
GA and GB Glass block 
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f = 1 ~ 16. 08 Fn 0= 1.65 ^ 2.66 2<y = 55.9 — 3.8 



R 1 = 


14. 217 


D 1 


= 


0. 30 


N 1 = 1. 846660 


V 


1 = 23. 8 


R 2 = 


7. 567 


D 2 


— 


0.99 


N 2 = 1.603112 


V 


2 = 60. 7 


R 3 = 


-150. 322 


D 3 


= 


0.01 


• 






R 4 = 


7. 145 


D 4 


SE 


0. 58 


N 3 = 1. 712995 


V 


3 = 53.8 


R 5 = 


18. 637 


D 5 


8 


Bjg 








R 6 = 


10. 470 


D 6 


■ 


0.16 


N 4 - 1.882997 


V 


4 - 40.8 


R 7 = 


1. 585 


D 7 


C 


0. 49 








R 8 = 


-70. 193 


D 8 


= 


0. 14 


N 5 = 1. 804000 


V 


5 = 46.6 


R 9 ° 


13. 662 


D 9 


B 


0.26 








RIO = 


-3. 438 


D10 


n 


0.12 


N 6 = 1. 696797 


V 


6 = 55.5 


Rll = 


11. 833 


Dll 


a 


0.09 








R12 - 


4. 726 


D12 


a 


O.S0 


N 7 = 1. 846660 


V 


7 - 23.8 


R18 = 


-10. 646 


D13 


s 


qJ« 








R14 = 


89 


D14 


s 


0.56 








R15 = 


-6. 993 


D15 


■ 


0.14 


N 8 - 1.772499 


V 


8 « 49. 6 


R16 = 


4. 382 


D16 


= 


0.42 


N 9 = 1. 846660 


V 


9 » 23.8 


R17 * 


13. 013 


D17 


= 


0. 15 








R18*= 


5.890 


D18 


B 


0.85 


N10 = 1. 58)126 


M0 - 59.4 


R19 = 


-3. 329 


D19 




0.17 


Nil » 1. 846660 


v 11 « 23. 8 


R20 = 


-4. 646 


D20 


e 


TU£ 








Ml*- 


9.039 


D21 


(3 


0. 51 


N12 = 1. 583126 


v 12 = 59. 4 


R22 = 


-44. 849 


D22 


S 


0.03 








R23 = 


4. 690 


D23 




0. 18 


N13 - 1. 846660 


MS = 23. 8 


R24 « 


2. 832 


D24 


s 


0.96 


N14 = 1.487490 


M4 = 70.2 


R25 = 


-7. 400 


D25 












R26 - 


CO 


D26 


= 


0. 35 


N15 - 1. 516320 


MS - 64.2 


R27 = 


oo 


D27 




0.71 








R28 « 


oo 


D28 


= 


0. 24 


N16 ■ 1. 550000 


M6 » 60.0 


R29 = 


oo 


D29 


s 


9. 54 


N17 - 1. 589130 


v 17 - 61. 2 


R30 = 


oo 


D30 


s 


0. 43 


N18 = 1. 520000 


M8 = 64.0 


R31 » 


oo 

















1.00 


1 7.69 


16.08 


D 5 


0.18 


6.83 


7.50 


D13 


7.64 


1.49 


0. 82 


D20 


3.69 


2. 69 


3. 69 


D25 


0.71 


1.71 


0. 71 



mmm 

rl8 k»1.47237»H)0 B— 5.00687e-03 C-2. 11113e-04 D— L21073e-04 E=2.00364e-O5 

r21 k»8.42316e*<IO B«-2. 36245&-03 C=-L 51278e-04 D=3. 97469<H)5 E*>-6. 57634e-06 
(007 5J imi) 



(12) 



SIMM 1 -239 65 



g- 1 









1 


2 


3 


4 


5 


(D \f2/n\ 


0.183 


0.183 


0.183 


0.183 


0.181 


(2) f22/f2 


5,855 


6.877 


3.361 


6.762 


7.301 


(3) | f23/f24 | 


1.069 


'1.021 


1.376 


1.009 


0.971 


(4) R31/f3 


•0.253 


-0.322 


-0.333 


•0.378 


-0.406 


(5) R31/f31 


0.854 


1.066 


0.934 


1.091 


1.122 


(6) f4/fW 


5.269 


5.269 


5.265 


5.269 


5.265 


(7)D34T/f4 


0.855 


0.806 


0.629 


0.624 


0.701 



[0076] 

iSS? 5 £ <!: K J: U 'J 7 * - XttZ&m Lo 
tZCttfT'Z £>8gCDftCV 7 7 * - t) X%G U 

fro^psttT\ $mi efgiii^fgJt^WL. Eft 
iifreaauicssgsftBHicfcfeu. xbbbb* 
fr6B£i^mc£s«{t£B£iiiUifcfc>A 

»*tttt** LtcV *--hx&v>X-h\syXTk 

tf*ft*B^fcBBSB*a«r*E£#T**. 

[ilEcDlSSm^iM^] 
*LfcBBBBtDISifiJ&B 1 OSBBBH 

[02] *&E©'J+-7*-ft*a;©X-/*uyx* 

#LfcBBgBcD3IJ&B« 1 O£ftafl5<04XMiI 
[03] *»WOU1»-7*-AXiW)X-^U>X* 

tfLfcBB£B4>£ffi}BB 1 0>(f)H4>ttBB 
[04] *»WO'Ji'-7*-*XafflX-AUVX* 

*uuiB&B«>£B»a 1 coMjiSi^iRM0 
[05] *Bw<D'j+-7*-axje©x-Ai/vX* 

* IfcBBSBOBBfiSB 2 <Og«ffi0 

[06] *^C0'J^-7*-*X^COX-AL/VX=& 
H L/cBBgBtOgS&TBB 2 cDJEft SSCOHXS0 

[07] *^C0U-y-7*-*Xa<DX-AU>X* 
SLfcBBBBaBB^B2©*M<DiRg0 

[08] *Bw©u*--7*-ax3fl>x-/»i/>x* 

£ lfcBB£B0>£Bfl§B 2 cOMSJffiCOiRM0 
[09] *fP£©y*-7*-*7xt<DX-AU>X£ 

£ LfcBBBBQBBIBB 3 CD£S13gfr@0 
[01 0] *^CO'J-^-7*-*7iC©X-/»U>X 

* * LfeiMSIlOJtttJBtt 3 COJ£ftJffiCr)iRS0 
[011] *^COUi'-7*-*7^COX-AU>X 

«fi IfeBBSBOBttflSB 3 CO*P^<DIRS0 



[012] -ternm*)*-? *—hx3t<nx-ki<yX 
*w LfcBBBBaBB&B 3 obbbqirbh 

[01 3] *&B£cD'J*-7*-*X5£0X-.kUVX 
£W L/c««gSc0HS6HJ« 4 coSSBIIff®0 

[01 4] *^c0'J-\»-7t)--*^jCct)X-AU>X 
*#LfcBBBB<DBM?BB4(Ol£ftBtOiRS0 

[01 5] *^CD i ;^-7*-»7>5CtOX-i 4 U>X 
£W LfcBBBBcOBffiJBB 4 co*F^coiKM0 

[01 6] :*:£B£cOY+-7*-*;^0X-.kUVX 

LfcB&gBcoiis&j&ai 4 coaaastoiRS0 

[017] *HB^C0';i'-7*-*XiCC0X-AL/>X 

[01 8] *fgB^C0'J-\'-7*-A7iCC0X-/»U>X 
«*LfcBBBB«)Bft}gB5 0l££B0iRSH ' 
[01 9] *^c0U-\7-7*-*7sitt0X-AU>X 

LfcflttSBOBB&B 5 Q(f>N«»K£B 
[02 0] *HB^£0'J^-7*-*7.iCcr)X-AUVX 

L^BB^BOBtt^B 5 COHSSSCD1RS0 

[02 1] *f8B#o'ji»-7*-a*ie©x-z»uvx 

L^BBBBtDMBBUlia 
[BBOIW3] 
L 1 BIB 
L2 Sg2S¥ 
L3 M3gf 
L4 £4$ 
SP B»J 
I P 
d 

9 
S 
M 



gB 



GA. GB #7770<y7 



(13) BUMM 1 -23 96 5 



[01] 




[02] [03] 

fno/1.65 w=28.0* <u = 28.0' o>=2&.0' fno/1.96 <u = 40' 




(14) 



»B§¥ 1 1 -2 3 9 65 



fno/2.47 



[04] 
cj= 1.9' cd= 1.9" 



fno/1.65 



[06] 

oj=2a0* o> = 28.0* 



u 



A - 



-AS 



i, 



g AMv 
d 



~~AS 



335 0.035- 0.035 0.035- 50)0 5.00 - 0.009 0,009 -0.085 0.085- 0.035 0.085- 6.00 5,00 -0.009 0.009 

mvz Mffl (%) mi%) mm* 



[07] 



fno/1.95 



6>=4.0* 



<u = 4.0 f 



| — g AM_| 



[08] 



fno/2.48 



^~g 
d 



I 



AS 



a> = 1.9° 



-0.035 0.03&- 0.035 0.035- 6.00 5.00 - 0.009 0.009 

ft&Wt 2ft (96) 

(gtt) 



-0.035 0.035-0.035 0.035- &00 5.00 - 0.009 0.009 

*®K« SACK) 

(gift) 



11 0] 



fno/1.66 



tu = 2ao* 

- AM 
• AS 



a>=zao* 



-0035 0.035- 0.035 0.035- 6X0 5J0Q -0.009 0.009 

(fftt) 



4 



(16) 



ft M¥ 1 1 -2 3 965 



[011] 

f no/1 58 <u = 4.0* <u = 4.0* cu = 4.0' 



1- 



^ AS 



[01 2] 



fno/2.61 oi= 1.9° 0>= 1.9* d)= 1.9° 



8 



J^AS 



-0.035 a035- 0.036 0.035-5.00 &QO-(X009 0.009 

®&l i%) -0.035 a035- 0.035 0.035- 5.00 5.00 -0.009 0.009 

<««) nmwM mi (%> ^^ras 

(gH) 



II 3] 



Ll 

I ! 



SP 



i 1 

n 



GB 



4b iU 



(17) 



»M¥ 1 1-23965 



[01 4] 

f no/ 1.65 w=2ao* w=2ao # a) = 2&0* 



.AS 




11 5] 



fno/1.96 



AM~~i 



IT 



o>=4.0' 



-0.035 0.035- 0.035 0.035- £00 5.00 - O009 0.009 -0.035 aOS5- 0.036 0.035- StOO 5.00 - 0.009 a009 



mm 



*umc& (96) m&w& 

(gfi) 



[01 6] 



11 8] 



fna/2£6 A) =1.9' a)=1.9' fl)= 1.9' 



h 



AS 
AM 



f no/ 1.65 <u=2&0* <u=2a0* <u = 2a.0° 



k 



A Ms 



t- 



AS 



-01035 0.036- 0.035 0.035-5X0 500 -0.009 0.009 -0.035 1035-0.035 1035-500 500 -0.009 1009 

(gift) 



[01 7] 



CB (*>5*<*SB) 



ZL C*-AL/VXtf) 




SP 



L3 



r 77V3 1 



GA ff* GB 



4bf 



IP <M«?) 



7 v 



(18) 



ftmW- 1 1 -2396 5 



[01 9] 



[02 0] 



frto/1.97 



a> = 3.9' 



o>=3.9* 



fno/2.66 



[ 



g AMh 1 




1.9* tu=1.9* 
-AM 



cj= 1.9* 



-0.035 0.035- 0.035 0.035- 5.00 



5.00 -0.009 0.009 -0.035 aO35-a0S5 0.035- 6X0 5.00 -0.009 0.00E 



<««> 



[IS 2 1 ] 
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